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VO (=>4) Title: ELECTRO- EXPLOSIVE DEVICE WITH LAMINATE BRIDGE 

<^ (57) Abstract: A semiconductor bridge (SCB) device. In one embodiment, the SCB device includes a laminate layer on lop of an 
?5 ; nSUlaUn S maicnal. wherein ihe laminate layer comprises a series of layers of at least two reactive materials, and wherein the laminate 
0 layer comprises two relatively large sections that substantially cover the surface area of the insulating material, and a bridge section 
joimng the two relatively large sections. At least one conductive contact pad is coupled to at least one of the series of layers- wherein 
a predetermined current through the conductive contact pad causes the bridge section to initiate a reaction in which the laminate layer 
is involved. In one embodiment, the SCB device includes an integrated diode formed by an interface of the insulating material with 
another material, such as a metal. 
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ELECTRO-EXPLOSIVE DEVICE WITH LAMINATE BRIDGE 
FIELD OF INVENTION 

This invention generally relates to an electro -explosive device. More particularly, the. " 
invention relates to a device having a laminate bridge that initiates a reaction of relatively high* 
output energy for relatively low input energy. 

BACKGROUND OF THE INVENTION 

In general, an electro -explosive device (EED) receives electrical energy and initiates a 
mechanical shock wave and/or an exothermic .reaction, such as combustion, deflagration, or 
detonation. EEDs have been used in both commercial and government applications for a variety of 
purposes, such as to initiate the inflation of airbags in automobiles or to activate an energy source in 
an ordnance system. 

Prior art EEDs include those that use a bridgewire to ignite an ordnance material. A 
bridgewire is a thin resistive wire attached between two contacts. The ordnance material surrounds 
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the bridgewire. When current is passed thrown the brideewir, nK • u ■ 

u e n me cndgewire ohmic heating results. When the 
htidgetto tenches the igmtl0n Kmm 0[aa orfn _ ^ ^ Mdn _ ^ ^ 

Typtcalfy, the ordnance material 1S . primaty „ pyroKchmc ^ wUch ^ 

charge, which in turn ignites a main charge EEDs that ™ , i, j • ,. 

•■s triLis that use a bndgewne have significant 

disadvantages in modem applioarion, For example, EEDs are suhjected to increasing levels o, 
electromagnetic interference (EMI, in man, military and civi-ian appilcations . ^ , eye , s ^ 
present a serious danger hecaose the EMI may couple electromagnetic energy tough , direct or 
indirect path to an EED, causing to fire unintentional EEDs may *o he unintentional feed 
hx electrosrade discharge (ESD, Conventional devrces to protect against umntcntional disch^e, 

such as passive filter circuits and EMI shield,™ nn..«,t *u ■ 

civu smeiduig, present their ovm space and weight problems in . 

typical applications. 

In order ,o reduce the senauivfty of an EED to stray signals, ^ totlI 5nergy „ f ^ ^ 
signal which is necessary ,o ignite the EED may ha increased. As a result, low level snay stgnala 
to he conduced tough the bridgewire without causing any ignition and oniy the higher level 
firing signal would have snfflcien, energy to ignite the EED. A higher magnitude finng signal ' 
however, is no, always desirable, m many .ppficafions, auch aa in automobile airbags, available ' 
Power la severely toted, m^ing 1, necessary ,„ provide an EED that has a low firing energy, which 
may be near the energy level of potential spurious signals such as toe from ESD or EMI sources. 

One type of EED to allevrates some problems with accidental firing is called , 
semtconductor bridge, or SC B : .An SCB may use less energy to mat used by a bridgewrre EED for 
the same no-fire level. Eor example, the energy quired by an SCB may be an order of magnitude ' 
leas than to retired by a bridgewire dev.ee with the same no-fire performance. An SCB is a 
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ordnance material initiating device built on a semiconductor substrate. The SCB typically ignites the 
ordnance material with a hot plasma. When the SCB fires, it creates a high temperature plasma (for 
example, greater than 4000 degrees K in some cases) with high power density that ignites the 
ordnance material. The SCB may generate plasma in less than several microseconds as compared to 
the bridgewire, which may heat to the point of initiation in hundreds of microseconds. The ordnance 
material ignited by the SCB is typically an adjacent ordnance material or primary explosive that is 
ignited in a matter of microseconds and in turn ignites an output charge. The excellent heat transfer 
characteristics of the semiconductor provide a high capacity heat sink for the SCB and thus a 
relatively high no-fire level. Generally an SCB should be driven by a low impedance voltage source 
or a capacitive discharge to properly support an avalanche condition that results in plasma creation. 

The use of EEDs in automobile airbags and other safety critical applications presents several 
problems in addition to the prevention of unintentional firing. For example, the reliability of an 
airbag BED is- critical. The airbag EED must fire reliably, 'and must be manufactured in a way that • 
allows some verification of reliability. Conventional SCBs have some disadvantages that make it 
difficult to produce verifiably reliable SCB EEDs. For example, SCBs provide a very hot but low 
energy ignition source.that lasts only for microseconds. In typical SCBs the amount of energy 
output is dependent upon, and is.less than, the level of energy input. In cases in which only a very 
small amount of output energy can be produced, the output energy may not be sufficient to provide 
reliable ignition. 

Reliability of conventional SCB components is also difficult to verify. One reason for this is 
that in conventional SCBs, the ordnance material and the SCB must be tightly coupled in order to 
transmit the small energy output of the SCB to the primary ordnance material. That is, at the 
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to attempt to verify the ordnance materiaJ/SCB interface in hn"H» ■ J • 

intenace m bndgewire devices but these test methods. 

« d0 QOt work weU fcr semicmteor devkK Fm ^ h be possjue ^ ^ ^ ■ 

— — a, m w.c te e, „ „ difficolt b dettm]ine whethcr ^ ^ ^ a ^ ^ 

- Over & ^ iy ^ „ s „ ook £vcn giyen a ^ ^ ^ ' ■ 

by *e ^ „ by ^ SCB ^ iate ^ ^ posjdvs reKmiM ^ ^ ^ 

p roblsms , ^, toduding addcd cos , Md comple ^ without resoMng verifelta of ^ 

rehabUxty in the field. In addition, the forces applied to the SPR ' 

applied to the S CB m positive retention may break the 

SCB and/or connection bonds in the device. 




A se.aicoodue.o, bri d s e (SCB) device on . substrete ^ . ^ ^ h ^ fc 

- emD0dmM , tte SCB d „ ice compnscs ^ ^ ^ 

=WaU y bating mterial md . conduMi „ 6 ^ ^ ^ exothe ^ eaUy reac(ive wi(h 
« g miterial . . m muldple lltamatiag ^ to a umjnate ^ ^ ^ ^ ^ ^ 

— - of *e ta one embodi[MK , „ substrate ^ s;Ucoa ta me emb ^ ^ 
, .ha ^ ^ ffid aimilm , ae conduc(iva materiaL ^ e ^ ^ ^ 
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continuous. In a cop view, however, the laminate layer appears as two large sections that 
substantially cover the surface area of the substrate and are joined by a bridge section. The bridge 
section has a small cross-sectional area relative to the direction of current flow. The laminate layer 
is constructed as a series of individual, alternating insulating and reactive layers. The bridge section 
is reacted when current is passed through contacts on top of the laminate, which initiates the ' 
remainder of the laminate. As one layer of the laminate is consumed, another layer is exposed and 
becomes part of the conductive circuit. The output energy produced is sufficient to ignite ordnance 
material across a gap. 



BRIEF DES CRIPTION O F THE DRAWINGS 

Figure 1 is a top view of an embodiment of a semiconductor bridge (SCB). 

Figure 2 is a cross-section view of the SCB of Figure 1. * * 

Figure 3 is a top view of an embodiment of an SCB. 

Figure 4 is a cross-section view of the SCB of Figure 3. 

Figure 5 is a cross-section view of an electro-explosive device (EED). 



DETAILED DESCRIPTION 



Figures 1 and 2 illustrate. one embodiment of an SCB. SCB 101 has integrally formed . 
shunting diodes for protection against ESD events and an enhanced bridge overcoating for increased 
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firing efficiency. Referring first to j?j gur j ^ . 

that . ' CB 101 15 IOnnedon a -aicon wafer substrate 102 

1S generally squar e but may ^ be any ^ 

. • ^.iixii cenerally tnangular land 103 

deposited on one side of the substrate i m a 

lqc suDstrate 102 and a second oeTiprali^ 1 , , 
. COna ^^erally triangular land 1 04 is deposited 

on the opp 0slte S i de of the substrate _ 

^elands 103 and 104 are generally spaced apart and 
electrically isolated from each other except for a relativ.lv 

pi lor a relatively narrow conductive bridge 106 that 
couples and electrically connects the lands together In one e 
. . ogether. In one embodiment, the land 103 is formed 

^•^..^ 107 , mdtheland l0( „ simteiy fomM f ; 

The lands 103 and 104 and the bridge 106 are fi,r«, ^ ' 
co . g ^ dep ° Slted as a layer of palladium using 

common integrated circuit etching and deposition techniques. 

A first diode 112 is formed beneath Md , ^^^^ ' 

the first land 1 03 and, similarly, a second diode 1 1 3 f, fnm ^ , 

Dallad . , ■ 15 f0nned bCneath and ele «rically coupled to the 

palladium layer of the second land 104 The form „f ■ , 

A • . ^ f0nnatl0n tod Structoe °f these diodes is described in 

-ore detail below; A first contact pad, 109 which preferably is formed f ■ 

. • P rcieraDJ y is formed of composite layers of 

means of solder, conductive epoxy or the like for «, . • ^- 

P xy or the like for supply mg fmng current tQ ^ A 

^ composit , overooating , K dsscrfbed ^ _ ^ ^ ^ ^ ■ 
«-* 10S fOT outpw Mergy md mc _ mg ^ ^ ^ ^ . 

Referring now to Figure 2 which i* v^x„ ^ » " 

, which is view or cross section A-A of Figure 1, the substrate 1 QO 

^ a silicon chip 116 processed in a conventional manner rUayerH7„f T ' 

A layer 1 17 oi silicon dioxide is formed 
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on the surface of the chip and functions as an electrical insulator T 

. . insulator. Two spaced-apart triangular • 

3hapedo P enm gS n8an dll9areetchedmthesilicon 

technics t, mg my a PP r °P ri *e etching 

technique to expose the surface of the silicon chin A first I, 

denorft H Afi «t layer or pad 121 of aluminum is then 

d epos 1 tedoverthefirst e tch e d op enin g n 8 a ndaS econdla y erorpadl 22of / • ■ 

overt , J . yerorpad 122 of aluminum is deposited 

over the second etched opening 119. The alurninurn pads may bed, -V 

an™ ■ . y de P° slted °n the chip using any 

appropnate technique such as, for example, vapor dep OSl tion Thecal ■ 

first Schntt^ v - P ltl0n - ^ alununurn pad 121 forms a 

tost Schottky barrier junction 123 with the surface of th. .t u- 

pad 12, forms „ P 1 16 "* 

Paa 122 xorms a second SchotUcy barrier junction 194 Wl>hf ^ rf 

. J ^ith.the surface ; of the silicon chip 1 16. 

Accordingly j a pair of spaced apart Schottky diodes 112 and 113a ■ 

101 ^ 113 integrally formed with the SCB 

The SCB 101 includes a bowtie shaped layer 19 6 nfn.ii^' J 
the chin tk , ^1-6 of palladium deposited over the surface of 

chip. The layer 126 of palladium is configured to define a first area 1 07 
abridaeiofitf, ♦ - . ea &st ^a 107, a second area 108, and 

badge 1 06 that extends between and electrically couoles th. , 

shaped area 126 Tb ~ " ^ ™ "* ^ ^ h ^ 

P area 126. The iirst area 107 of the bowtie cover, „ a • , 

b0Wtie ° OVere » electrically bonded to the first : 
Schottky diode 112 and the second area 108 nfth.K 

, „ ' ° ndareal08ofthe bowtie covers and is electrically bonded to the 

second Schottky diode 113. . ^ 

* 

The first contact pad 109 is deposited on the surface nfth ~ 

palladium . ^ 107 ° f 48 bowtie sha Ped 

palladium layer and the second contact pad 1 1 1 is deno^w v 

the bn^- u ° n SUrfaCC ° f th£ SeC0nd ^ a 1 08 of ' 

^ bowtie shaped palladium layer. The contact pads 1 09 and 1 1 1 ■ 

v ^ my and 1 1 1, m one embodiment are 
composite layers of .Ti/Ni/Au. The contact pads 1 09 and 1 1 1 . 

are.contacts to which electrical'leads 

^ b ° Qded t0 ^ areas 107 and 108 of the bowtie shaped oallad" , 

^e soaped palladium layer 126. The electrical 
1-ds supply firing CUIrent to ^ ^ ^ ^ 
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exemde ,h ^ "*«*'« to parties requiretoents. For 

composite overcoat 114 includes a h»eri,j of . "-""-.the 

•„ fZ " MmUmde P Mittd onttebridgoandal ayer , 29of 
an oxidizer such as for A Yflm .i * of 

h as, for example, copper oxide or .on oxide, also known as thennite deposited at 

the zzreonium layer 128. Copper oxide and iron ' P 

chermc | u j ° Xlde ^ f ° med ° f m ° lecul « with relatively weak 

chermcal bonds and thus tend to donate their oxy e enr efl H-, ■ u ' 

hi,h ' 7 m 3 Ch6miCal reaCtion contributing to 

^parature ^reaction, oolite o_.t , M «. ^ fte 

ffiy o f , ^ „ ftaM depositio „ McWques ^ - 

need not necessarily be deno^H • . overcoat 
— and d MU ' d " dePMlttd " ^ ""^ o f ■ 

metal and o„dtze, fa ^ 

In operation, the contact pads 109 anH m 

- by means fc ^ f b " ^ " " 5 ~ 
coupled ■ ' W " °' ^ * «■ - - 

i: : ;r hab,e so ~~ ° f firing ~ * * — - - * - <-—. 

g > me bCB is protected from inadvertent * • 
and , r „ „ """* * 33 °y ESD events, by ,h. shoo, diodes , 1 0 

- H*«d the no-fire energy of the bridge. Mote aoecific.,,, !toic .. , . 

u uiucauy, electric potential induced 



across the 
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contacts by an ESD event typically is much higher than ih. u ' 

nigner than the turn-on voltage of the diodes formed on 

the SCB. Thus, the diodes appear to ESD induced potentials^ Hoc h ■ ■ , 

potentials as closed circuit shunts and electric 

current above the shunt threshold is conducted away from the k ; 

ay irom tne resistive bridge to prevent ohmic 

heating of the bridge and consequent accidental fixing. 

In order to fire the bridge of the SCB, a firine notenH.i * * ■ 

, d unng potential that is near or above the turn-on 

voltage of the diodes 112 and 113 is applied to the contact, - 

PP me contact s *rom a source capable of delivering 
sufficient firing potential for an appropriate leneth of H m , -ru *= - 

PP pnate length of time. The firmg potential can be provided for 
example, by switching a charged capacitor in series with the SCB Th. * 

... " ■ 5WimmeS CB. The portion of the firing potential 

reaction. 

The heat generated in the palladium bridae hv th+ * - 

P laaium badge by the firing current is directly coupled to the 

composite overcoat 1 14 of the SCB. As a consequence, the overcoat is also heated rapidly until the ' ' 
-coniu.layeroftheovercoatalsobegin.tovaporizemapw, This in *m initiates a 

-ult is a chemical/plasma reaction in the vicinity of the bridge !06 that is substantially more 

energetic than the plasma explosion of a conductive bridge alone TW , ■ 

vc oriage alone. The explosion generates a olasma 

filled fireball that projects outwardly from the surface of the SCR n, * 

unace oi uie j> CB . Thus, the composite overcoat 1 1 4 

greatly enhances me efficiency ofthe SCB in ianihng a orrfn^, ■ , , 

-n i e nmng a ordnance mix packed against its surface 

while the integral diode shunt protects the bridgefrom ESD events. 

Figures 3 and 4 illustrate another embodiment of an SCB. Tfre SCB 90 includes a greater ' 

amount of reactive materials layered over a greater surface area of the SCR M r 

<uea 01 me oCB as compared to the SCB 
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• 101. The SCB 90 has significantly greater energy outoir 

... ° - output upon finng than for example the SCB 1 01 

— . ISKtion bttween two „ active _ that cxpiode b ^ 

outward rrom the surface of the SPR on * . 

unaceome SCB 90, as further described below The SCB on fi^ • ■ 
internal iv>« j u ^CB 90 further includes 

integrally formed shunting diodes for protection against BSD events. 

The sensitivity of the SCB 90 may be adjusted tn n ♦ 

■ y adjUSt6d to at an input electrical power level 

. required of an application independent of the required energy level to i. > t„ 

. rgy leveI to the output ordnance 

matenal. The SCB 90 may ignite insensitive materials or t ■ , 

heattoignite. ^ ^ 3 ~ <* " 

Significantly, the SCB 90 provides reUahu ■ 

pro V1 des rehable lgmtlon across a gap ^ ^ ^ 

ordnance material. This greatly enhances reliability because an intimate ' t rf k 

, . , . «=<-ause an intimate interface between the 

bridge and the ordnance material does not neeri tn - 

ofthe . frf 06 gU£ffanteGd **pnp« operation. Verification ■ 

oftheuaterface between the bridge and ordnance material is thu S , • 

v ^fV • requured. It is only necessary to 

verity, using conventional technioues that th~ «. • , 

u.ui ic^iunques, that the semiconductor wafer Koo u 
T . . naucior water has been correctly processed 

Thepresence of an output charge may be easily verified bv ««W 

. . d by wei & h «ig or x-ray. This also reduces 

production costs. 

aiagramofa.cross-sectionoftheSCB90 The SCR on ■ i 

SCB 90 mcludes alternating layers of different 

materials which are chemically reactive with each other Typically one 

Typically „ ■ ■ * ^ matenals iS 3 metal - 

- call, one or tfie materials is an insulaior, in thai it has a high resistivity and low uhermal 

—ty relative to the met, Ic one ^ _ , _ ^ ^ ^ 
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-ed as the metal. In other embodunents, other materials may be used. For example, the metal used 
may be one or more of aluminum, magnesium, and ztrcomum, as well as other metals. The insulator 
used may be one or more of calpium, manganese/and silicon, as well as other insulators. 

Alternating layers, or sublayers 502 of titanium and sublayers 504 of boron are built up on a 
silicon dioxide insulating layer 306. The top layer of the senes of layers is a "bridge" layer 203 of 
titanium that is in contact with the contacts pads 202. The alternating sublayers 502 and 504, and the 
top bridge layer 203 make up a laminate layer. The layers 502, 504, and 203 are. integrally bonded 
in situ during the semiconductor fabrication process that produces the substrate upon which the 
layers appear. The resulting structure, including a bridge and fuel,' is therefore monolithic. This is in 
contrast to prior devices which may be fabricated by depositing the fuel as powders after the 
semiconductor fabrication process, and then mechanically pressing .the powder fuel around a brid^ 

The top bridge layer 203, as shown in Figure 3, is a continuous layer of a metal, in this case 
titanium, that includes two relatively large sections 203A and 203B joined by a bridge section 203C. 
In other embodiments, the top layer may be boron or some other reactive material. The bridge 
section 203C has a small cross-sectional area relative to the direction of current flow from the 
contact pads 202. The cross-sectional area and geometry of the bridge section 203C. determine how 
much energy is required to heat the bridge. The materials used in the bridge, and their geometry and 
thickness, affect the starting resistance of the bridge section 203C. In various embodiments, the 
contact pads 202 may be electrically connected to the top bridge layer 203 only, or to the top bridge 
layer 203 and multiple sublayers 502 and 504. The number of layers electrically connected to the 
contact pads 202 affects the resistance and heating characteristics of the bridge section 203C. In the 
case of a single layer in contact with the contact pads 202, the resistance of the layer may be reduced 
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^ the addition of a thin ,a yer of a Serial w*fa a low. resistivitv h 

- *. be ad.sted t0 meet _ ^ ~ ^ ^ * * ~ of 

The insulating layer 306 is built on the sihVn u 

on tne silicon substrate 3 04 suhstanK.i u. 
area of the substnu- 304 In o substantially covers the surface 

6tmu 304. In one embodiment the insulating lavenn*- t 
layers 504 w,, ■ 8 V *° 6 U SlllCon dio ^e. The boron 

yers.504 and utanium layers 502 and 203 are earh • • 

are each approximately 0 ?5 micrnn, a- u « 

titanium Boron ,• • resistivity compared to 

m. aoron and titanium may be processed with stand, ,. • 
sublayers 504 and titan' H ^conductor techniques. The boron 

-dutamum sublayers 502 are built up under the top bridge l ayer 203 
the bridge section -03C in.,. ■ f , ' Whl<A mcludes 

^ Unti] ^ is achieved The thi „ 

*e laminate layer . dependent upon the amount of plasma ■ „ f 

' BO-fire level Th „- . ' t0 * Pr0dUCed «** * e d «ired 

are level. The th.ckness of the laminate layer is nr ,,f „ ,- 
processing u , Poetically hmited only by semiconductor 

processing technology, a stpichiometry that yields relatively K h 

atom per two boron „ T § ^ ^ " 0n£ titani ^ ' 

two boron atom, To achieve this, layer thicknesses may be 250 nm fo r> - 
run for boron A Dnrt i . , y be 250 11111 &r utanium and 220 

ron. A practical number of layers, considering such f a ,M • ♦ , 
layers of titanium and f , *" Pr0CeSSing ^ is W 

amum and four layers of boron. In most applications, the laminate layer (which ■ , 
boron sublayers 504 and titanium sublayers 502 and bnd »e layer 203, „ 

between two microns . „ r } ^ haVe 3 thh * M « of 

two microns and fourteen microns. 

« 

The contact pads 202 are utanium/nicke]/g 0 l d (Ti/Ni/A i ■ 

Pads 202 « Wd by selectively co m ^ ^ ^ 

Ti/Ni/Au coat t f ^ ^ ** ^ 2 ° 3 ^ 3 — ■ ' 

AU COat ' t0 f °™ elec ^oal contacts that can be connected fo 

or conductive epoxy T • k ? ' * ^ ^ Sold ^ 

POXy " T^anium has adhesion characteristic ,w 

Nickel provides a solde hi pr ° m ° te ^ t0 ^ 

P es a s °lderable contact, if one is desir^ n u - 

de Slr ed. Gold rs an excellent conductor for providing • 
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a conductive path to the layered reactaats, and also helps keep the nickel from readily oxidizing. As 
shown in Figure 4, the contact pads 202 extend over and through the sublayers 502 and 504 to the 
aluminum 312. The SCB 90 includes diodes 204 which are integrally formed by the interface of the 
aluminum 312 with the silicon substrate 304. Two spaced apart triangular shaped openings are 
etched in the silicon dioxide layer 306 using any appropriate etching technique to expose the surface 
of the silicon chip 304. Layers, or pads 312 of aluminum are then deposited over the etched openings 
using any appropriate technique such as, for example, vapor deposition. One aluminum pad forms a 
first barrier junction 204A with the surface of the silicon chip 304 and the other alununum pad forms 
a second barrier junction 204B with the surface of the silicon chip 304. The doping of the substrate ' 
determines the breakdown voltage of the diode. In applications such as automobile airbag initiators, 
for example, a breakdown voltage .of seven to eight volts provides significant BSD protection. Other 
application requiring less sensitive bridges may use higher breakdown voltages. 

The length and width of the laminate layer formed by layers 203, 502, and 504 extends 
significantly beyond the length and width of the small bridge section 203C. When current is applied 
to the small bridge section 203C, the top layer 203 is ohmically heated until it is hot enough to react 
with the adjoining boron layer. An exothermic reaction results, producing Titanium and various 
Titanium compounds, which are expelled as hot plasma. The boron acts as an insulator so that only 
the plasma arc and the exposed portions of metal layers act as a conductive path. The reaction 
ceases when the source electrical energy (for example, from a capacitor) is depleted or all of the 
layers are consumed to a distance at which the plasma arc is extinguished. The output energy is used 
to heat the ordnance material that is ignited by the plasma. The heat transferred to the sublayers 502 
and 504 aids in the reaction instead of being lost to the silicon substrate. 
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In reacuve processes m which the heat released is more than the heat absorbed b y the 

substrate or lost in plasma release, or other mechanisms the - ef ,,f 

nanisms, the ^active process will continue until all 

~ „ _ d . In _ in wfch fte _ d ^ ^ ^ ^ 

he ses„,ned by the addltlM pf ^ energy ^ ^ piama mt!j ^ ^ ^ 
dtsconfinued or to arc , Mgth requira more vo|lage ^ ^ ^ ^ ^ 

Tests of SCB 90 have shown that ignition of nrHn„ 

mai ignition of ordnance materials occurs across a gap. This 

ehminates the need to assure contact between the bridee and a ■ 

bndge and the primary ordnance material, greatly 

simplifying. manufacture. Additionally not having to ma - 

^ not ftav "ig to.maintam contact between the bridge and the ' 
P™* ordnance materia , cIimiaatK ^ Qf fte reuabiijty prowems ^ ^ ^ ^ ^ 

orea^ oxrvire bonds during powdet pressbg operltions ^ e SCB 90 Mn ta ta ^ 

assembled in quantity. 

In other embodiments, the area of the SCR on „„„„ , , , 

a or tne bCB 90 covered by layers of reactive material may be 

varied according to performance requirements Th^hn™ 

q irements. The shape of the area covered may also be varied. 

For example, multiple layers of boron and titanium' or «„ m . «. 

a ucamum, or some other appropriate materials, may be 

stacked as high as prarrncaMe only ta the na[IOW ^ ^ ^ ^ ^ ^ ^ 
Fi g ur, 5 is . diasram of a „ oss . sectioii of m electro . txp , osive deyice (EED) 6Q ^ 

-*r»«-SCB....».aai M . The SCB 50 is typically attached with a nonconductive ' 
W . An electrical », cta « «. for cxampla conductlve cpoxy „ ^ ^ ^ ; ppued tewera 

pms 66 on the header 62, and cap 68 is plied on the header to. .„ / 

»- on me neader 62 to form an enclosure filled with 

ordnance material 69. 
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In operation, a firing Signal supplied to the initiator 60 is routed through the pins 66, through 
the electrical attachment 64, and to the reactive bridge, section of the SCB 50, firing the reactive 

■ 

bridge and initiating a reaction that involves all of the reactive material layers on the SCB. 

The invention has been described with reference to specific examples. Various modifications 
may be made by one of ordinary skill in the art without departing from the spirit and scope of the 
invention as defined in the following claims. For example, alternative material and alternative 
configurations are within the scope of the invention as claimed. 
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CLAIMS 



What is claimed is: 



1. A semiconductor bridge (SCB) device, comprising: 

a laminate layer on top of an insulating material, wherein the laminate layer comprises a 
series of layers of at least two reactive materials, and wherein the laminate layer comprises, 

two relatively large sections that substantially cover the surface area of the insulatin* 



material; and 



a bridge section joining the two relatively large sections; 
at least one conductive contact pad coupled to at least one of theories of layers, wherein a 
predetermined current through the at least one conductive contact pad causes me bridge section to 
initiate a reaction in which the .laminate layer is involved. 



2. The SCB device of claim 1 , where the at least two reactive materials comprise a 
reactive metal and a reactive insulator, wherein the reactive isolator has a resistivity, that is high 
relative to a resistivity of me reactive metal, and wherein the reactive metal ism contact with the at 
least one conductive contact pad. 



3. The. SCB device of claim 2, wherein the reactive metal is titanium and wherein the 
reactive insulator is boron. 



4. 



The SCB device of claim 1, wherein each layer of the series of layers is 
approximately 0.25 microns thick. 
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5. The SCB device of claim 4, wherein the series of layers has a thickness of between 
two microns and fourteen microns. 



6. The S CB device of claim 1 , further comprising an integrated diode formed by an 
interface of the insulating material with another material. • 



7- The SCB device of claim 1 , wherein the at least one conductive contact pad 
comprises titanium/nickel/gold. 



8. An electro-explosive device (EED), comprising: 

a header; ■ • 

a cap coupled to a first side of the header to form an enclosure; ' 
ordnance material inside the enclosure; 

. at least one electrically conductive pin that passes through a second side of the enclosure . 
opposite the first side; and 

a semiconductor bridge (SCB) on a substrate, wherein the substrate is coupled to the first side 
of the header, the SCB comprising a series of layers of at least two reactive materials on top of the 
substrate, wherein the series of layers comprises, 

two relatively large sections that substantially cover the surface area of the substrate; 

and 

a bridge section joining the two relatively large sections; ' 
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at least one conductive contact pad coupled to at least one layer of the series of layers 
and to the at least one electrically conductive pin, wherein a predetennined current through the at 
least one electrically conductive pin causes the bridge section to initiate a reaction in which the 
series of layers is involved, igniting the ordnance material. 



9- The EED of claim 8, where the at least two reactive materials comprise a reactive ■ 
metal and a reactive insulator, wherein the reactive insulator has a.resistivity that is high relative to a 
resistivity of the reactive metal, and wherein the reactive metal is coupled to the at least one 
electrically conductive pin. 



1 0. The EED of claim 9, wherein the reactive metal is titanium and wherein the reactive 
insulator is boron. 



11. The EED of claim 8, wherein each layer of the series of layers is approximately 0.25 
microns thick. 



12. The EED of claim 1 1 , wherein the series of layers has a thickness of between two 
microns and fourteen microns. 



13. A semiconductor bridge (SCB), comprising: 

a layer of electrically insulating material substantially covering a surface area of a substrate; 
at least one integrated diode comprising an interface of the electrically insulating material 
and another material; 
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a bridge layer of a reactive materia- on top of the layer of electrically insulating matenal, . 
wnerein the bridge layer comprises, - 

two relatively large sections that substantially cover the surface area of the substrate; 

and 

a bridge section joining the two relatively large sections; : 

a laminate layer comprising a series of layers of at least two reactive materials, where* the 
laminate layer covers a surface area of the bridge section; and 

at least one conductive contact pad coupled to the bridge section, wherein a predetermined 
current through the at least one conductive contact pad causes a reaction in whrch the laminate layer 
and the bridge layer are involved. 



14. The SCB of claim 13, wherein the bridge layer comprises titanium. 



15. 



The SCB of claim 13, wherein the bridge layer comprises palladium. 



16. The SCB of claim 13, where the at least two reactive materials comprise a reactive 
metal and a reactive insulator, wherein the reactive insulator has' a resistivity that is high relative to a 
resistivity of the reactive metal. 



17. 



The SCB of claim 1 6, wherein the reactive metal is titanium and wherein the reactive 
insulator is boron. 
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18- TheSC Bofclaiml3,wheremeachlayeroftb e , ■ „ 
microns thick. * ° f ^ * ^^tely 0.25 



19. 



microns and fourteen microns. 



titanrum/nickeJ/gold. .comprises 



2? 



ae,h0d ° f fSWCaU ° e ' T"—— SCB device, con,prisW 

7 COVer a surface area of the substrate; 

V*. . series of Iiym of at te Wo reactivc „ on ^ ^ 
whereu, the series of l ayers comprises, . " ' 



and 



- « ,„ 8 e secooos sutatttialIy „ ^ ^ _ ^ ^ ^ 
* bridge section joining the two relatively la^ 



ge sections; 
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coupling at least one conductive contact pad to at least one layer of the series of layers, 
wherein a predetermined current through the at least one conductive contact pad causes the bridge 
section to initiate a reaction in which the series of layers is involved. 



. 23. The method of claim 22, where the at least two reactive materials comprise a reactive 
metal and a reactive insulator, wherein the reactive insulator has a resistivity that is high relative to a 
resistivity of the reactive metal, and wherein the reactive metal is in contact with the at least one ' 
conductive contact pad. 



24. The method of claim 23, wherein the reactive metal is titanium and wherein the 
reactive insulator is boron. 



25. The method of claim 22, wherein each layer of the series of layer s is approximately 
0.25 microns thick. 



26. The method of claim 25, wherein the series of layers has a thickness of between two 
microns and fourteen microns. 



27. The method of claim 22, wherein the metal is al 



iiminum. 
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The method of claim 22, wherein the at least one conductive contact pad comprises 



titarnurn/nickel/gold . 
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